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Description 

An ink-jet printer that squirts drops of ink to print let- 
ters and graphics in a dot-matrix format uses a record- 
ing head that causes the pressure in the ink cavity to . s 
vary by means of a piezoelectric device which produces 
mechanical deformation upon application of a drive sig- 
nal. As typically described in U.S. Patent No. 3.946,398, 
part of the pressure compartment in this recording head 
is formed of a diaphragm, to which a piezoelectric sub- 10 
strate shaped in a thin sheet form is attached. 

The ink-jet recording head described in the above 
mentioned US. P. '398 is operated in such a way that 
when a drive signal is applied to the piezoelectric 
device, the ink cavity contracts, whereupon ink is 15 
squirted in drops from the nozzle orifice communicating 
with the ink cavity to form dots on recording paper. 
Since the piezoelectric device in sheet form is attached 
to the diaphragm, the pressure compartment must be 
made large enough to facilitate the operation of attach- 20 
ment. On the other hand, a plurality of nozzle orifices 
are spaced at very small intervals in order to improve 
the print quality. Therefore, the pressure compartment 
and the nozzles must be connected by fluid passage- 
ways but this only results in a complicated mechanism. 25 

In order to solve those problems, an improved ink- 
jet printing head has been proposed in, for example, 
U.S. Patent 4,072,959, and in this printing head a piezo- 
electric vibrator is positioned in such a way that its tip 
faces the orifice of each nozzle, with a dynamic pres- 30 
sure being imparted to ink by displacements of the pie- 
zoelectric device so that drops of the ink will be squirted 
from the nozzles. This proposal has the advantage that 
the fluid passage-ways connecting the pressure com- 
partment and the nozzles are eliminated to achieve 35 
structural simplicity. On the other hand, there is a large 
acoustic impedance mismatch between the piezoelec- 
tric vibrator and ink, so the energy produced by the pie- 
zoelectric device is not effectively used in drop 
generation. ao 

In order to solve this problem, EP-A-278590 pro- 
posed an ink-jet recording head in which a plurality of 
passage-ways are formed in one surface of a piezoelec- 
tric substrate in a pattern that matches the dot forming 
region whereas an electrode is provided on the inner 45 
surfaces of each passage-way, so that deformation in a 
shear mode is produced in the walls of the passage- 
ways to change the capacities of the grooves. 

In this recording head, the ink in passage-ways can 
be directly compressed, so the passage-ways for com- so 
municating the ink cavities with the nozzle orifices are 
eliminated to achieve structural simplicity. Furthermore, 
the direct compression of the ink cavities offers the 
advantage of highly efficient drop generation. On the 
other hand, "nozzle plates" tor forming nozzle orifices 55 
that insure stable jet of ink drops must be fixed with an 
adhesive to the piezoelectric substrate. Then, the area 
of bond is directly subjected to the expanding and con- 
tracting motions of the piezoelectric substrate and this 



lowers the strength of bonding between the two mem- 
bers. In addition, it is necessary to apply the adhesive to 
very small areas but this only increases the complexity 
of the manufacturing process. As a further problem, a 
step will be formed unavoidably between a groove and 
the attached nozzle plate and it is difficult to remove air 
bubbles that are drawn into the groove from the nozzle 
orifice due to the advancing and retracting motion of the 
meniscus formed at the nozzle orifice. 

It is therefore an object of the invention to provide 
an improved ink jet recording head and the use of same. 
This invention therefore provides an ink jet recording 
head according to independent claims 1 , 4, 6, and 9 and 
Its application according to claims 1 6 and 1 7. 

Further advantageous features, aspects and details 
of the invention are evident from the dependent claims, 
the description and drawings. The claims are intended 
to be understood as a first non-limiting approach of 
defining the invention in general terms. 

The invention provides an ink jet recording head 
with which the ink in an ink cavity is squirted in drops by 
the kinetic energy of a piezoelectric vibrator to form dots 
on recording paper. 

The present invention has been achieved under the 
above mentioned circumstances and has as an aspect 
providing a novel ink-jet recording head that can be pro- 
duced by a simple process without mounting nozzle 
plates and that is capable of forming dots in a consistent 
manner. 

A preferred ink-jet recording head comprises a plu- 
rality of piezoelectric substrates that are polarized in the 
direction of their thickness and that have grooves space 
by diaphragms at a predetermined pitch and electrodes 
that are formed in those grooves in an electrically iso- 
lated manner, each of said grooves comprising a por- 
tion having a sufficient depth to form an ink reservoir, a 
portion communicating with one side of the head and 
having a sufficient depth to provide an orifice that is 
adapted to squirt ink drops, and a portion having a 
depth appropriate for receiving an externally supplied 
ink, said piezoelectric substrates being fixed together 
into a unitary assembly in such a way that the surfaces 
of the substrates where those grooves are open are in 
registry and that the directions of polarization in those 
substrates are opposite to each other, said recording 
head further including an ink supply means that is pro- 
vided on the side opposite to the side where said orifice 
is to be provided. 

Fig. 1 is a perspective view of an ink-jet recording 
head according to a first embodiment of the present 
invention; 

Fig. 2 is a perspective view showing an example of 
a centrally positioned piezoelectric substrate; 
Fig. 3 is a cross-sectional view showing the shape 
of grooves formed in the center piezoelectric sub- 
strate; 

Fig. 4 is a perspective view showing how electrodes 
are provided on the center piezoelectric substrate; 
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Fig. 5 is a diagram showing the electrode structure 

of the center piezoelectric substrate; 

Fig. 6 is a perspective view showing the structure of 

a piezoelectric substrate to be used in pair with the 

center piezoelectric substrate; 

Fig, 7 is diagram showing a sectional structure of a 

groove formed in the substrate of Fig. 6; 

Fig. 8 is a diagram showing the electrode structure 

of that piezoelectric substrate; 

Fig. 9 is a perspective view showing the structure of 

the other piezoelectric substrate to be used in pair 

with the center piezoelectric substrate; 

Fig. 10 is a diagram showing sectional structure of 

a groove formed in the substrate of Fig. 9; 

Fig. 1 1 is a diagram showing the electrode structure 

of that piezoelectric substrate; 

Figs. 12A to 12D are diagrams showing the step of 

forming grooves in a piezoelectric substrate and the 

steps of forming electrodes on the substrate; 

Fig. 13 is a cross-sectional view showing in detail 

the structure of the ink-jet recording head according 

to the first embodiment of the present invention; 

Fig. 14 is a diagram of said recording head as seen 

from the side from which drops of ink are squirted; 

Fig. 15 is a diagram showing a method of driving 

the ink-jet recording head of the present invention; 

Fig. 16 is a diagram showing how diaphragms are 

deformed during ejection of ink drops; 

Fig. 17 is a diagram showing another method of 

driving the ink-jet recording head of the present 

invention; 

Figs. 18A and 18B are perspective views showing 
another example of the electrode structure to be 
used; 

Fig. 19 is a illustrating a method that is suitable for 

driving a recording head that has the electrode 

structure shown in Fig. 18; 

Fig. 20A shows a section of another example of the 

electrode structure to be used; 

Fig. 20B is a diagram showing the same electrode 

structure as seen from the side where the grooves 

are open; 

Figs. 21 A and 21 B are diagrams showing two other 
examples of the electrode structure as seen from 
the side where the grooves are open; 
Fig. 22A shows a section of another example of 
grooves formed in a piezoelectric substrate; 
Fig. 22B is a top view of the same example as seen 
from the side where the grooves are open; 
Fig. 23 shows the state of a pressure wave to be 
exerted upon ink when the electrode structures and 
grooves shown in Figs. 18-22 are adopted, as well 
as the shape of an ink drop that is generated by 
said pressure wave; 

Fig. 24 shows the state of a pressure wave to be 
exerted upon ink when none of the approaches 
shown in Figs. 18-22 are taken, as well as the 
shape of inks drops that are generated by said 
pressure wave; 



Fig. 25 is a perspective view of an ink-jet recording 
head according to a second embodiment of the 
present invention; 

Fig. 26 is a perspective view showing the structure 
5 of the piezoelectric substrate used in the ink-jet 

recording head shown in Fig. 25; 

Fig. 27 is a cross-sectional view showing the shape 

of grooves formed in the piezoelectric substrate; 

Figs. 28A to 28C are diagrams showing a process 
w of forming grooves in the piezoelectric substrate; 

Fig. 29 is a diagram showing a sectional structure 

of the device shown in Fig. 25; 

Fig. 30 is a cross-sectional view showing and ink-jet 

recording head according to a third embodiment of 
is the present invention ; 

Fig. 31 is a perspective view showing an example of 

the top cover member used in the printing head of 

Fig. 30; 

Fig. 32 is a front view showing the structure of said 
20 recording head as seen from the side where nozzle 
orifices are open; 

Fig. 33 is a cross-sectional view showing the struc- 
ture of grooves formed in the piezoelectric sub- 
strates of an ink-jet recording head according to a 

25 fourth embodiment of the present invention; 

Fig. 34 is a cross-sectional view showing the rela- 
tive positions of piezoelectric substrates and cov- 
ers, as well as the structure of grooves formed in 
said piezoelectric substrates in the case where dual 

30 nozzle rows are provided in the second, third and 
fourth embodiments of the present invention; and 
Fig. 35 shows a printer in which an ink-jet recording 
head according to the present invention is 
employed. 

35 

Fig. 1 shows an ink-jet recording head according to 
a first embodiment of the present invention. Reference 
numeral 1 represents a central positioned piezoelectric 
substrate (hereunder referred to as "a center substrate") 

40 that is made of lead zirconate or some other material 
that exhibits a piezoelectric phenomenon. This center 
substrate has such a thickness that grooves 3 and 4 to 
be described below can be formed in top and bottom 
surfaces, respectively, and it is polarized in the direction 

45 of its thickness. The top surface of the center substrate 
has grooves 3 formed therein in such a way that they 
are spaced by equal distances as shown in Fig. 2; simi- 
larly, the bottom surface of the center substrate has 
grooves 4 formed therein that are also spaced by equal 

so distances. The grooves 3 and 4 serve as fluid passage- 
ways. The grooves 3 in the top surface are separated by 
diaphragms 5 that are made of the same piezoelectric 
material, and the grooves 4 in the bottom surface are 
separated by diaphragms 6 that are also made of the 

55 same piezoelectric material. The grooves 3 are posi- 
tioned in such a way that they are offset from the 
grooves 4 by one half of the pitch between adjacent 
grooves. The grooves 3 and 4 communicate at one end 
with one side 1 a of the center sitostrate 1 in such a way 
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as to form nozzle orifices 50 and 51 , whereas the other 
end of each groove communicates with an ink supply 
member 10. The surfaces of the rear end of the center 
substrate 1 are provided with a wiring patterns 13 by 
which electrodes 17 formed continuously on the inner 5 
(wall and bottom) surfaces of the grooves 3 and 4 are 
connected to cables 1 2 that are connected to a drive cir- 
cuit (not shown). 

As shown in Fig. 3, the each front end 3a and 4a of 
each groove 3 and 4 that serves as a nozzle orifice is 10 
shallow enough to provide an orifice size that is suitable 
for squirting ink drops; the each center portion 3b and 
4b is deep enough to provide a capacity that is capable 
of accommodating the necessary amount of ink for drop 
generation; and the each rear end of 3c and 4c of each is 
groove is formed at such a depth that it will have a suit- 
able fluid resistance in cooperation with the inlet port 
10a of the ink supply member 10. 

As shown in Figs. 4 and 5, the each inner (wall and 
bottom) surfaces of grooves 3 and 4 and adjacent dia- 20 
phragms 5 and 6 are covered with a metal layer that is 
electrically separated by blank portions 15 and 16 to 
form electrodes 1 7 and 18 so as to permit the reception 
of a drive signal from a drive circuit. 

In Fig. 1 , reference numeral 20 is an upper sub- 25 
strate that is made of the same material as the center 
substrate that exhibits a piezoelectric phenomenon. As 
shown in Fig. 6, grooves 21 are formed on the surface 
of the upper substrate so as to face with the grooves 3 
formed on the upper surface of the center substrate 1 . 30 
As shown in Fig. 7 t each of the grooves 21 is formed in 
such a way that the front end 21a which provides a noz- 
zle orifice is shallow, that the portion 21b providing an 
ink cavity is deep and that the rear end 21c will commu- 
nicate with the inlet port 10a of the ink supply member 35 
10. The each of grooves 21 are separated by dia- 
phragms 22 and their inner (wall and bottom) surfaces 
are covered with a metal layer that is electrically sepa- 
rated by blank portions 23 to form electrodes 24. The 
electrodes 24 are such that when the upper substrate 40 
20 is placed on top of the center substrate 1 , they will 
establish electrical connection with the electrodes 1 7 on 
the center substrate 1 . 

In Fig. 1 , reference numeral 30 is a lower substrate 
that is made of the same material as the center sub- 45 
strate 1 that exhibits a piezoelectric phenomenon. As 
shown in Fig. 9, grooves 31 are formed on the surface 
of the lower substrate so as to face with the grooves 4 
formed in the bottom surface of the center substrate 1 . 
As shown in Fig. 10, each of the grooves 31 is formed in so 
such a way that the front end 31a which provides a noz- 
zle orifice is shallow, that the portion 31b providing an 
ink cavity is deep and that the rear end 31c will commu- 
nicate with the inlet port 10a of the ink supply member 
10. The grooves 31 are separated by diaphragms 32 ss 
and their inner (wall and bottom) surfaces are covered 
with a metal layer that is electrically interrupted by blank 
portions 33 to form electrodes 34. The electrodes 34 
are such that when the lower substrate 30 is combined 



with the center substrate 1 , they will establish electrical 
connection with the electrodes 18 on the center sub- 
strate 1. 

Fig. 12 illustrates an example of a method of work- 
ing the center substrate 1. the upper substrate 20 and 
the lower substrate 30. First, a wedge stand 41 having a 
predetermined angle, e.g. 2 degrees, is fixed on a hori- 
zontal work table 40. Then, a piezoelectric substrate 42 
of a predetermined thickness is fixed on the wedge 41 . 
With the workpiece set up in the manner described 
above, a dicing saw 43 is positioned in such a way that 
its cutting depth at the front end of the substrate which 
provides a nozzle orifice will take on a value appropriate 
for the nozzle orifice, e.g. 30 urn. Thereafter, the dicing 
saw 43 or the work table 40 is moved relatively by a 
given distance for cutting the surface of the substrate. 
As a result, a groove having a predetermined width, e.g. 
90 fim, that corresponds to the cutting width of the dic- 
ing saw will be formed at the angle specified by the 
wedge 41 . After the cutting of a predetermined length is 
completed, the table 40 or the dicing saw 43 is further 
moved in the horizontal direction and the saw is slowly 
raised up, whereby the shaping of a rear end of the 
groove is carried out (see Fig. 12A). 

When the formation of a single groove is carried 
out, the work table 40 or the dicing saw 43 is shifted lat- 
erally by a predetermined distance, e.g. 170 Jim, and 
the above-described procedure is repeated to form the 
necessary number of grooves. 

After forming grooves 44 on the surface of the pie- 
zoelectric substrates, a nickel layer 45 is formed in a 
predetermined thickness, e.g. 1 urn on the cut surface 
of each substrate by a suitable technique such as elec- 
troless plating, sputtering or evaporation (see Fig. 12B). 
The surface of the nickel layer is coated with a corro- 
sion-resistant metal, e.g. gold (Au) layer 46 in a prede- 
termined thickness, e.g. 0.1 \im (see Fig. 12C). 

Subsequently, the metal layers 45 and 46 formed 
on the diaphragms are either cut with a dicing saw 47 or 
etched by photolithography in a direction parallel to the 
fluid passageways so as to electrically isolate the plated 
layers on the individual passage-ways (Fig. 12D). 

The substrates thus formed are assembled 
together in the following manner. The upper substrate 
20 and the lower substrate 30 are fixed to the top and 
bottom surfaces of the center substrate 1 by a suitable 
means such as an adhesive in such a way that the 
grooves 21 and 31 will be fit with the grooves 3 and 4, 
respectively. In addition, an ink supply member 10 that 
is positioned at the rear end of each of the upper and 
lower substrates 20 and 30 is fixed to the center sub- 
strate in such a way that the ink supply port 10a will 
communicate with the ends 3a and 4a of the grooves 3 
and 4, respectively, in the center substrate 1 . 

As a result, the upper and lower substrates 20 and 
30 are positioned and fixed in such a way that the direc- 
tions of their polarization E 2 and E 3 that are opposite to 
the direction of polarization E 1 in the center substrate 1 
across their interfaces with the latter, as shown in Fig. 
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13. The grooves formed in the respective siAstrates 1 , 
20 and 30 are such that their shallow portions 3a/21a 
and 4a/31a at the front end provide nozzle orifices 50 
and 51 as shown in Fig. 14 and, at the same time, those 
grooves form ink cavities in the central portion that have 5 
a cross section shaped like a flattened water drop. The 
electrodes 24 on the upper substrate 20 and the elec- 
trodes 34 on the lower substrate 30 contact to the elec- 
trodes 17 and 18 on the opposite surfaces of the center 
substrate 1 , respectively, to establish electrical connec- 10 
tion. 

Fig. 1 5 show a method of driving the ink-jet record- 
ing head having the construction described above. As 
shown, the electrodes 24 and 17 formed on the upper 
substrate 20 and the center substrate 1, respectively, 15 
are connected to a drive power supply 68 via three-state 
drive circuits 61 - 67 that are to be controlled by a signal 
from a print data output circuit 60. If a selected ink cavity 
70 that corresponds to the position where dots are to be 
formed is supplied with a voltage of one polarity, e.g. 20 
negative, whereas the electrodes for two ink cavities 71 
and 72 adjacent to ink cavity 70 are supplied with a volt- 
age of the other polarity, e.g. positive (see Fig. 16), the 
diaphragms 73 and 74 on the center substrate 1 as well 
as the diaphragms 75 and 76 on the upper substrate 20 25 
which define the ink cavity 70 in combination with 73 
and 74 are subjected to the action of electric fields F1 
and F2 that are directed towards the ink cavity 70. As a 
result, the diaphragms 73, 74, 75 and 76 will deflect in a 
shear mode towards, the ink cavity 70, which then 30 
shrinks in capacity to compress the ink it contains. This 
causes the ink in the cavity 70 to be squirted in drops 
from the tapered orifice (Fig. 13). The orifice 50 has a 
smaller cross-sectional area than the ink cavity 70, so it 
will act like a nozzle orifice and permits the ink in the 35 
cavity to be squirted in drops of an optimal diameter to 
jet until they reach a recording sheet and form dots on 
its surface. 

When the dot generation ends and no more drive 
signal is applied, the deformed diaphragms 73 • 76 will 40 
be restored to their initial state. In this process of resto- 
ration, the ink cavity will expand, so that additional ink is 
supplied into the ink cavity 70 through the inlet port 10a 
to condition the head for the next cycle of dot genera- 
tion. 45 

In the first embodiment of the present invention, ink 
is ejected by abruptly deforming the cavity defining dia- 
phragms as ink is llowing into the cavity. Alternatively, 
electric fields F 3 and F 4 that will change their strength at 
small rate may be first applied as shown in Fig. 17 in so 
directions that expand the ink cavities 71 and 72 adja- 
cent the cavity 70, whereupon the diaphragms 75 and 
76 on the upper substrate 20 and the diaphragms 73 
and 74 on the center substrate 1 are deformed at a rel- 
atively slow speed to fill the cavity 70 with ink. Following ss 
this preliminary step, the cfiaphragms 73 - 76 are 
abruptly deformed as in Fig. 16 to eject ink drops. That 
is, the ink cavity 70 is filled with the necessary amount 
of ink, and the elastic energy stored in the diaphragms 



73 - 76 is effectively used to generate ink drops with 
high efficiency. 

Further, in the first embodiment described above, 
grooves are formed in both surfaces of the center sub- 
strate 1 so as to provide nozzle orifices in two rows. If 
desired, grooves may be formed in only one surface of 
the center substrate 1 while other grooves are formed in 
the corresponding surface of either the upper or lower 
substrate to provide nozzle orifices in one row. It will be 
apparent to one skilled in the art that the same result 
can be achieved by this modified arrangement. 

Figs. 18A and 18B are diagrams showing another 
example of the structure of piezoelectric substrates to 
be used in making the ink-jet recording head of the 
present invention. In Fig. 18, reference numeral 80 is a 
piezoelectric substrate that is made of lead zirconate or 
some other material that exhibits a piezoelectric phe- 
nomenon. The piezoelectric substrate is polarized in the 
direction of its thickness and has grooves 81 formed in 
its surface at equal spacings to provide fluid passage- 
ways. The grooves 81 are separated by diaphragms 82 
that are made of the same piezoelectric material. One 
end of each groove 81 communicates with one side 80a 
of the substrate 80 so as to form a nozzle orifice 
whereas the other end communicates with the ink sup- 
ply port. 

As in the embodiment already described above, the 
grooves 81 are formed in such a way that the front end 
of each groove which serves as a nozzle orifice is shal- 
low enough to provide an orifice size that is suitable for 
squirting ink drops , that the center portion is deep 
enough to provide a capacity that is capable of accom- 
modating the necessary amount of ink for drop genera- 
tion, and that the rear end is of such a depth that it will 
have a suitable fluid resistance in cooperation with the 
inlet port of the ink supply member. Further, the inner 
(wall and bottom) surfaces of groove 81 are provided 
with electrodes 84 and 85 each of which is divided lon- 
gitudinally into two parts by a blank space 83. The elec- 
trodes 84 and 85 are so adapted as to be connected to 
an external circuit by means of conductive patterns 86 
and 87. 

A substrate 90 which makes a pair with the sub- 
strate 80 (see Fig. 18B) is made of the same piezoelec- 
tric material and that has grooves 91 and electrodes 94 
and 95 formed on its surface in such a way that they are 
symmetrical with the grooves 81 and electrodes 84 and 
85 so as to place with each other. Stated more specifi- 
cally, grooves 91 are formed in the surface of the sub- 
strate 90 at equal spacings to provide fluid a 
passageways and those grooves 91 are separated by 
diaphragms 92 that are made of the material as the sub- 
strate 90. One end of each groove 91 communicates 
with one side 90a of the substrate 90 so as to form a 
nozzle orifice whereas the other end communicates 
with the ink supply port. As in the embodiment already 
described above, the grooves 91 are formed in such a 
way that the front end of each groove which serves as a 
nozzle orifice is shallow enough to provide an orifice 
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size that is suitable for squirting ink drops, that the 
center portion is deep enough to provide a capacity that 
is capable of accommodating the necessary amount of 
ink for drop generation, and that the rear end is of such 
a depth that it will have a suitable fluid resistance in 5 
cooperation with the inlet port the ink supply member. 
Further, the inner (wall and bottom) surfaces of grooves 
91 are provided with electrodes 94 and 96 each of 
which is divided longitudinally into two parts by a blank 
space 93. The electrodes 94 and 95 are so adapted as w 
to be connected to an external circuit by means of con- 
ductive patterns 96 and 97. 

When the two piezoelectric substrates 80 and 90 
are bonded or otherwise connected, with their cut sur- 
faces facing each other, they will have polarization vec- is 
tors E4 and E5 acting in opposite directions across the 
interface while, at the same time, the shallow front por- 
tions of the grooves in the substrates combine to pro- 
vide ink cavities that have tapered nozzle orifices and 
that resemble flattened water drops in cross section. In 20 
addition, the two electrodes 84 and 85 for the grooves 
81 in the substrate 90 and the two electrodes 94 and 95 
on the substrate 90 contact each other to establish elec- 
trical connection, with each ink cavity having an elec- 
trode that is divided into two parts in the longitudinal 25 
direction. 

Fig. 19 illustrates a method for driving the printing 
head having the construction described above. A print 
data output circuit 100 supplies a control signal to a 
three-state drive circuit 101 whose output is supplied 30 
directly to the electrodes 85 and 95 closer to an ink sup- 
ply port 103 where the same output is supplied to the 
electrode 84 and 94 on the nozzle orifice side via a 
delay circuit 1 02 that delays the output by the time nec- 
essary for a vibration to propagate from the electrodes 35 
85 and 95 to the electrodes 84 and 94. 

In the circuity shown in Fig. 1 9, a drive signal is first 
applied to the electrodes 85 and 95 closer to the ink 
supply port 103, so that only the regions of electrodes 
85 and 95 of the diaphragms 82 and 92 are deformed 40 
towards an ink cavity, whereupon the ink in the cavity is 
compressed to create an elastic wave. When the time 
set in the delay circuit 102 (e.g. 20 microseconds if the 
distance between the centers of two electrode seg- 
ments is 20 mm) has passed, the elastic wave from the 45 
electrodes 85 and 95 reaches the electrodes 84 and 94, 
whereupon the delay circuit 102 outputs a drive signal 
that is applied to the electrodes 84 and 94. As a result, 
the regions of the electrodes 84 and 94 of the dia- 
phragms 82 and 92 are deformed to further compress so 
the ink, thereby producing an elastic wave that is super- 
posed on the elastic wave generated by the electrodes 
85 and 95. This allows the ink flowing towards the noz- 
zle orifice to be compressed with high efficiency and 
within a short region, whereby a sharp pressure wave is 55 
exerted at the nozzle orifice to have the ink squirted in 
drops without any tailing. 

In the foregoing discussion, each of the electrodes 
for grooves is divided into two parts in the longitudinal 



direction but if necessary it may be divided into three or 
more parts in the longitudinal direction so that a drive 
signal is applied to the successive electrode segments 
with a time lag being provided that corresponds to the 
time required for the pressure wave generated at the ink 
supply port to reach the respective electrode segments, 
ft will be apparent to one skilled in the art that the same 
result can be attained by this modified arrangement. 

Figs. 20A and 20B show another example of the 
electrode structure to be used in the ink-jet recording 
head of the present invention. Reference numeral 1 1 0 is 
a piezoelectric substrate which, as in the embodiment 
already described above, has grooves 1 1 1 formed in its 
surface that communicate with one end 1 10a of the sub- 
strate to form nozzle orifices. The inner (wall and bot- 
tom) surfaces of grooves 111 are provided with 
electrodes 1 1 2 for allowing an electric field to act on dia- 
phragms with which the grooves are separated. Each 
electrode 112 consists of two regions, one being region 
1 12a that is closer to the distal end 1 10a of the sub- 
strate where a nozzle orifice opens and the other being 
region 1 12b that is closer to the ink supply port, and the 
second region 1 12b is formed to be thicker than the first 
region 1 12a. Needless to say, such electrodes that vary 
in thickness in different regions can be easily formed by 
controlling the time of evaporation or plating. 

With the electrode structure described above, the 
elasticity of diaphragms that are closer to the ink supply 
port can be enhanced by metals that have a higher elas- 
tic modulus than the piezoelectric substrate, so those 
diaphragms will deform faster than the diaphragms that 
are closer to the nozzle orifice. At the time when the 
pressure wave of the ink that has been generated by the 
deformation of those diaphragms reaches the nozzle 
orifice, the diaphragms in that region are still in the proc- 
ess of deformation, so the pressure wave propagating 
from the ink supply port will be further compressed to 
insure that a pressure wave that is as sharp as is pro- 
duced in the previous embodiment will act on the nozzle 
orifice to have the ink squirted in drops without tailings. 

In the case described above, the thickness of the 
metal layer forming the electrodes is adjusted to vary at 
two levels along the grooves. Two other examples of the 
electrode structure are shown in Figs. 21 A and 21 B; the 
electrode 122 shown in Fig. 21 A consists of three por- 
tions, 122a, 122b and 122c, that are formed in such a 
way that the thickness increases stepwise in the order 
written along a groove 121 in a piezoelectric substrate 
120; and the electrode 123 shown in Rg. 21B is formed 
in such a way that its thickness increases monotonically 
towards the ink supply port, ft will be apparent to one 
skilled in the art that the same result can be attained by 
those modifications. 

Rg. 22 shows the structure of another example of 
grooves that are to be formed in a piezoelectric sub- 
strate and that are effective for the purpose of concen- 
trating a pressure wave. Reference numeral 130 is a 
groove that is formed in the surface of a piezoelectric 
substrate 131 and that consists of a deep region 130a 
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closer to a nozzle orifice and a shallow region 130b 
closer to the ink supply port, the depth of which portion 
is in no way detrimental to the generation of ink drops. 
An electrode 132 is formed on the inner (wall and bot- 
tom) surfaces of those regions. A diaphragm 133 that 5 
separates two adjacent grooves 130 and that will 
deform in response to a drive signal applied to the elec- 
trode 132 is such that the height H1 of the region closer 
to the ink supply port is smaller than the height H2 of the 
region closer to the nozzle orifice and, therefore, the 
region closer to the ink supply port has a higher elastic 
modulus on account of the constraint exerted by the bot- 
tom surface. Thus, upon application of a drive signal to 
the electrode, the region of the diaphragm closer to the 
ink supply port will first deform and the region closer to 
the nozzle orifice which has a lower elastic modulus will 
subsequently deform. As a result, the diaphragm in the 
region closer to the nozzle orifice deforms to create a 
pressure wave that is superposed on the pressure wave 
that has propagated from the region closer to the ink 
supply port. Hence, a pressure wave that is as sharp as 
is produced in the previous embodiment will act on the 
nozzle orifice. 

In the examples shown in Figs. 19-22, the pres- 
sure wave that has been generated on the ink supply 
port side (see Fig. 23A) will reach the nozzle orifice after 
the lapse of time AT (Fig. 23B), causing the diaphragm 
in that region to deform. Hence, a pressure wave that 
has short tails and a high peak value as indicated by a 
dashed line in Fig. 23B can be propagated to the nozzle 
orifice. As a result, ink drops having a high ejection rate 
and a short duration will be generated and squirted onto 
recording paper with minimum bends and not tailings 
(see Fig. 23C). 

However, in the absence of the arrangements 
described above, pressure waves are generated simul- 
taneously in all regions from the nozzle orifice to the ink 
supply port as shown in Fig. 24A and those pressure 
waves will successively propagate to the nozzle orifice, 
so that ink will be squirted over a fairly long time as in 
the case of the fluid from a water pistol. As a result, the 
generated ink drops will have a small velocity of jetting 
and continue for a long period (see Fig. 24B), whereby 
bends and satellites (undesired drops) are produced to 
lower the print quality. 

Fig. 25 shows a second embodiment of the present 
invention. Reference 140 is a substrate that is made of 
piezoelectric material such as lead zirconate and it has 
a selected thickness, ag. 1 mm, which is greater than 
one half the depth, e.g. 400 |im, of the deepest portion 
of a fluid passageway to be described just below. The 
substrate 140 is preliminarily polarized in the direction 
of its thickness. Reference numeral 141 is an upper 
substrate that is made of the same material as the sub- 
strate 140 and it has a selected thickness, e.g. 200 urn, ss 
which is approximately equal to one half the depth of the 
deepest portion of the fluid passageway. This substrate 
is also polarized preliminarily in the direction of its thick- 
ness. The two substrates 140 and 141 are fixed 



together with an adhesive into a single substrate unit 
142 in such a way that the directions of polarization are 
opposite to each other. 

As shown in Fig. 26, the substrate unit 142 has 
grooves 143 formed in the surface of the less thick 
upper substrate 141. These grooves have a selected 
width of ag. 85 urn and, as shown in Fig. 27, each 
groove 143 consists of the following three portions: a 
portion 143a that is formed at an end of the substrate 
unit 142 and that has a very small depth, e.g. 80 jim, to 
enable the formation of a nozzle orifices in combination 
with a top cover 150 that is to be described below; a por- 
tion 143b that has a greater depth, e.g. 400 urn, about 
twice the thickness of the upper substrate 141; and a 
portion 1 43c that is formed closer to the other end of the 
substrate unit 142 and that has a smaller depth, e.g. 
100 fim, so that the fluid passageway is interrupted part 
of the way by an inner surface of the substrate 141 . The 
depth and length of the portion 143c are selected in 
such a way that it will present a certain fluid resistance 
in cooperation with the inlet port 151a of an ink supply 
member 151 (to be described just below), namely, less 
ink will return during printing whereas the ink will flow in 
rapidly during ink supply. 

The grooves 143 are separated by diaphragms 146 
that are made of the same materials as the substrates, 
and their inner (wall and bottom) surfaces are coated 
with a metal layer to provide electrodes 147, which are 
connected to a cable 149 by conductive patterns 148 so 
as to receive a drive signal from an external drive circuit. 

Turning back to Fig. 25, reference numeral 150 is a 
top cover which is fixed to the substrate unit 142 so as 
to seal the grooves 143 over the area from the front end 
1 43a to the rear end 143c. Reference numeral 151 is an 
ink supply member has the inlet port 151a located in a 
position that communicates with part of the rear end 
143c of each groove 143. 

Figs. 28A to 28C shows an illustrative method of 
forming grooves 143 in piezoelectric substrates. Shown 
by 155 is a substrate unit that is formed by bonding two 
preliminarily polarized piezoelectric substrates 156 and 
157 in such a way that the directions of polarization are 
opposite to each other. The substrate unit is fixed to a 
work table, with the thinner substrate 156 facing up to 
be subjected to cutting. With the unit being thus set up, 
a dicing saw 160 is set in such a position that it is 
located in the center of a groove to be formed and cut- 
ting is effected to a depth about twice the thickness of 
the substrate 156 and the saw or the substrate unit 155 
is moved relatively to form a groove 161 of a length suit- 
able for an ink cavity (see Fig. 28A). 

When the groove 1 61 that is to provide an ink cavity 
is thus formed, the dicing saw 160 is raised and moved 
to the front end of the substrate unit 155, where it is cut 
to a predetermined depth (see Fig. 28B). Thereafter, the 
dicing saw 160 is moved the other end of the substrate 
unit 155 and cutting is effected to form a portion that 
serves as a connection to the ink supply port 151a. In 
this case, the cutting depth and length are adjusted in 
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accordance with the type of ink used and the ink supply 
pressure. 

When the formation of a full length of grooves is fin- 
ished, a layer of Ni-Cr alloy is formed in a thickness of 2 
to 4 urn by a suitable technique such as evaporation, 
sputtering or electroless plating and this alloy layer is 
subsequently coated with a gold (Au) layer in a thick- 
ness of less than 1 urn. After thus forming a metal layer 
over the entire surface of the substrate unit including the 
inner and bottom surfaces of the grooves, the metal 
layer on top of the diaphragms which define the grooves 
is removed to electrically isolate the electrodes for indi- 
vidual grooves. Thereafter, conductive paths to be con- 
nected to those electrodes are formed by separating the 
metal layer on the surface of the substrate unit at its rear 
end in correspondence to the electrode pattern. 

Fig. 29 shows a sectional structure of the ink-jet 
recording head that is constructed in the manner 
described above. When ink is supplied through the inlet 
port 151a, it will flow into the grooves 143 from the rear 
end 143c and continues flowing all the way through the 
grooves to form a meniscus at the nozzle orifices 145. 
Then, a voltage of one polarity is applied to the elec- 
trode for the groove communicating with the nozzle ori- 
fice from which ink drops should be squirted to form 
dots whereas a voltage of the other polarity is applied to 
the electrodes for two adjacent grooves. As a result, the 
diaphragms that define the groove of interest will deform 
in a shear mode towards the ink cavity so as to reduce 
its capacity, whereby ink drops will be squirted from the 
nozzle orifice 1 45 that is formed by the front end 1 43a of 
the groove in the substrate unit and the top cover 150. 
When the dot formation ends, the application of voltage 
is ceased, whereupon the diaphragms are restored to 
the initial state and the capacity of the groove will 
increase, so that additional ink is supplied from the rear 
end 1 43c of the groove to condition the head for the next 
printing run. 

In the example just described above, printing is per- 
formed by first contracting the ink cavity in response to 
a drive signal. It should, however, be noted that as 
already explained with reference to Fig. 1 7, printing may 
be performed by first expanding the ink cavity and then 
contracting it. 

The techniques shown in Figs. 18-22 may also be 
applied to the example under consideration. That is, 
each electrode may be divided into at least two regions, 
one being located closer to the nozzle orifice and the 
other closer to the ink supply port and a drive signal is 
applied first to the region closer to the ink supply port, 
with successive drive signals being applied with a time 
lag that matches the propagation speed of the pressure 
wave; or electrodes are formed in such a way that their 
thickness increases stepwise in order from the nozzle 
orifice side to the ink supply port side; or the elastic 
modulus of the region closer to the nozzle orifice is 
made relatively small by. for example, forming grooves 
that are shallower in the region closer to the ink supply 
port It will be apparent to one skilled in the art that by 



adopting those techniques, pressure waves that have 
short tails and high peak values can be produced to 
generate sharp ink drops without tailings. 

Fig. 30 shows a third embodiment of the present 

5 invention. Shown by 1 70 is a substrate that is made of a 
piezoelectric material such as lead zirconate and it has 
a selected thickness, e.g. 1 mm which is greater than 
one half the depth, e.g. 400 jim, of the deepest portion 
of a fluid passageway to be described just below. The 

w substrate 170 is preliminarily polarized in the direction 
of its thickness. Shown by 1 71 is an upper substrate that 
is made of the same material as the substrate 1 70 and 
it has a selected thickness, e.g. 200 jim, which is 
approximately equal to one half the depth of the deep- 

is est portion of the fluid passageway. This substrate is 
also polarized preliminarily in the direction of its thick- 
ness. The two substrates 170 and 171 are fixed 
together with an adhesive into a single substrate unit in 
such a way that the directions of polarization are oppo- 
se site to each other. 

The substrates 170 and 171 have grooves 173 of a 
width of e.g. about 85 fim formed in such a way that they 
are open at the surface of the less thick upper substrate 
1 71 . The grooves 173 are spaced at a constant pitch as 

25 already described in the previous embodiments. The 
grooves 173 are generally boat-shaped in cross section 
and the depth of their central portion is about 400 jim. 
which is approximately twice the thickness of the sub- 
strate 171 . The inner (wall and bottom) surfaces of the 

30 grooves 1 73 are coated with a metal layer to form elec- 
trodes 176 as in the previous embodiments. 

Shown by 180 in Fig. 30 is a top cover which has 
grooves 180a formed therein as shown in Fig. 31 ; the 
grooves 1 80a are open at one end and have a length at 

35 least sufficient to communicate at the other end with the 
grooves 173 in the piezoelectric substrate 171. The 
depth and width of each groove 180a are of a selected 
size, such as e.g ca. 80 jim, that is appropriate for form- 
ing a nozzle orifice from which ink drops are to be 

40 squirted. The grooves 180a are spaced at the same 
pitch as grooves 1 73 and they are provided in such a 
way that they combine with the surface of the substrate 
1 71 to form nozzle orifices 181 (see Fig. 32). Shown by 
182 in Fig. 30 is an ink supply member which is fixed to 

45 the substrate 1 71 in such a way that the ink supply port 
182a communicates with the rear end of each groove 
173. 

In the embodiment under consideration, the elec- 
trodes 176 for two grooves that are adjacent to the 

so groove communicating with the nozzle orifice from 
which ink drops should be squirted to form dots are sup- 
plied with a drive signal as in the previous embodi- 
ments. Then, the diaphragms that define the groove of 
interest will deform and the ink cavity contracts, where- 

55 upon the ink contained in the groove (cavity) is com- 
pressed to be squirted in drops from the nozzle orifice 
1 81 which is defined by the groove 1 80a in the top cover 
180 and the surface of the substrate 1 71 . 
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In the embodiment just described above, printing is 
performed by first contracting the ink cavity in response 
to a drive signal. It should, however, be noted that as 
already explained with reference to Fig. 1 7, printing may 
be performed by first expanding the ink cavity and then 
contracting it. 

The techniques shown in Figs. 1 8 - 22 may also be 
applied to the embodiment under consideration. That is, 
each electrode may be divided into at least two regions, 
one being located closer to the nozzle orifice and the 
other closer to the ink supply port and a drive signal is 
applied first to the region closer to the ink supply port, 
with successive drive signals being applied with a time 
lag that matches the propagation speed of the pressure 
wave; or electrodes are formed in such a way that their 
thickness in creases stepwise in order from the nozzle 
orifice side to the ink supply port side; or the elastic 
modulus of the region closer to the nozzle orifice is 
made relatively small by, for example, forming grooves 
that are shallower in the region closer to the ink supply 
port. It will be apparent to one skilled in the art that by 
adopting those techniques, pressure waves that have 
short tails and high peak values can be produced to 
generate sharp ink drops without tailings. 

Fig. 33 shows the structure of grooves formed in the 
piezoelectric substrates of an ink-jet recording head 
according to a fourth embodiment of the present inven- 
tion. Shown by 190 is a substrate unit that is composed 
of two polarized piezoelectric substrates 191 and 192. 
The substrate 191 has a thickness approximately one 
half the depth of the deepest portion of the grooves to 
be formed and the substrate 192 is thicker than the sub- 
strate 191. The two substrates are bonded together in 
such a way that the directions of their polarization are 
opposite to each other. In those substrates, grooves 193 
are formed in such a way that that their depth increases 
monotonically in a linear fashion from the nozzle orifice 
side towards the ink supply port. 

According to the fourth embodiment of the present 
invention, a groove can be formed by a single cutting 
operation in which a dicing saw is placed in contact with 
the side of the substrate unit 190 where nozzle orifices 
are to be formed and then the saw is moved with the rel- 
ative distance between the saw and the substrate 190 
being reduced in the direction in which the groove is 
formed. 

The foregoing description of the third and fourth 
embodiments of the present invention shown in Figs. 25 
and 30 is directed to the case where nozzle orifices are 
formed in only one surface of a substrate unit but it 
should be understood that two rows of nozzle orifices 
may be formed as shown in Fig. 1 . An example of this 
two-row arrangement is shown in Fig. 34. Piezoelectric 
substrates 201 and 202 each having a thickness about 
one half the depth of the grooves to be formed are 
bonded to the opposite surfaces of a centrally posi- 
tioned piezoelectric substrate 200. Grooves 203 and 
204 are then formed at a predetermined pitch in the sur- 
faces of the substrates 201 and 202, respectively. The 



grooves 203 and 204 are provided with electrically iso- 
late electrodes and subsequently sealed with covers 
205 and 206, respectively. Finally, ink supply members 
207 and 208 are provided on the respective substrates 

5 201 and 202 in such a way that they communicate with 
the grooves 203 and 204, respectively. This provide a 
simple process for constructing a recording head that 
has two rows of nozzle orifices on opposite surfaces. 
Fig. 35 shows a printer in which an ink-jet recording 

10 head according to the present invention is employed. In 
this printer, a head carriage 303 mounts an ink jet- 
recording head to which an ink for printing is supplied 
from a ink supply pipe 302 and pint data are applied 
through a flexible wiring substrate 306. The head car- 

75 riage 303 is driven by a carriage motor 307 through a 
carriage belt 305 so that the head is shuttled along a 
carriage guide 304 extending in a main scanning direc- 
tion. Thus, a recording paper 309 on a platen 308 is 
printed. 

20 

Claims 

1. An ink-jet recording head comprising: 

a plurality of piezoelectric substrates (1, 20, 30, 80, 
25 90) that are polarized in the direction of their thick- 
ness and that have grooves (3, 4, 21, 31. 81, 91, 
111) spaced by diaphragms (5, 6, 22, 32, 82, 92, 
133) at a predetermined pitch; and 
electrodes (17, 18. 24, 34, 84. 85, 94, 95, 112, 122, 
30 123) that are formed in those grooves in an electri- 
cally isolated manner, 

each of said grooves (3, 4, 21, 31, 81, 91, 111) 
comprising a portion having a sufficient depth to 
form an ink reservoir, a portion communicating with 

35 one side (1a, 80a, 90a) of the head and having a 
sufficient depth to provide a nozzle orifice (50, 51) 
that is adapted to squirt ink drops, and a portion 
having a depth appropriate for receiving an exter- 
nally supplied ink, 

40 said piezoelectric substrates (1, 20, 30, 80, 90) 
being fixed together into a unitary assembly in such 
a way that the surfaces of the substrates where 
those grooves (3, 21, 4, 31, 81, 91) are open are in 
registry and that the directions of polarization (E 1( 

45 E 2 . E 3 , E 4 , E5) in those substrates are opposite to 
each other, said recording head further including an 
ink supply means (10) that is provided on the side 
opposite to the side where said orifice is to be pro- 
vided. 

50 

2. An ink-jet recording head according to claim 1 , said 
plurality of piezoelectric substrates comprising: 

a central substrate (1) that has said grooves (3,4) 
on both surfaces; 
65 two piezoelectric substrates (20, 30) each of which 
has, on one surface, grooves (21 , 31); 
said two substrates (20, 30) being fixed to said cen- 
tral substrate (1) to form a unitary assembly in such 
a way that the surfaces of those substrates where 
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the grooves are open are aligned with those sur- 
faces of the central substrate where the grooves 
are open and that the directions (E 2 , E 3 ) of polari- 
zation in said two substrates (20, 30) are opposite 
to the direction of polarization (Ei) in the central 
substrate (1). 

3. An ink-jet recording head according to claim 2, 
wherein the grooves (3) formed in one surface of 
said central substrate (1) are offset from the 
grooves (4) in the other surface by one half of the 
pitch between adjacent grooves. 

4. An ink-jet recording head comprising: 

a substrate unit (1 42) that is composed of a first and 
a second polarized piezoelectric substrate (140, 
141) that are bonded together in such a way that 
the directions of polarization are opposite to each 
other, said substrate unit having a plurality of 
grooves (143) formed therein that are spaced by 
diaphragms (146) at a predetermined pitch and 
electrodes (147) that are formed in those grooves 
(143) in an electrically isolated manner, each of 
said grooves (143) comprising a portion (143b) that 
extends from the surface of the first piezoelectric 
substrate (141) to partial thickness of the second 
piezoelectric substrate (140) and that has a suffi- 
cient depth to form an ink reservoir, a portion ( 1 43a) 
communicating with one side of the first piezoelec- 
tric substrate (141) and having a sufficient depth to 
provide a nozzle orifice that is adapted to squirt ink 
drops, and a portion (143c) having a depth appro- 
priate for receiving an externally supplied ink; 
a top cover (1 50) that seals the surface of said sub- 
strate unit where the grooves are open; and 
a member (151) for supplying ink into said grooves. 

5. An ink-jet recording head according to claim 4, 
wherein said first piezoelectric substrate (141) has 
a thickness approximately one half the depth of the 
ink reservoir portion. 

6. An ink-jet recording head comprising: 

a substrate unit that is composed of a first (201), a 
second (200) and a third (202) polarized piezoelec- 
tric substrate that are bonded together in such a 
way that the directions of polarization are opposite 
to each other, said substrate unit having a plurality 
of grooves (203, 204) formed therein that are 
spaced by diaphragms at a predetermined pitch 
and electrodes that are formed in those grooves in 
an electrically isolated manner, each of said 
grooves comprising a portion that extends from the 
surface of the outer first (201) and third (202) piezo- 
electric 6ubst rates to a partial thickness of the cen- 
trally fixed second piezoelectric substrate (200) that 
has a sufficient depth to form an ink reservoir, a por- 
tion communicating with one side of the first piezo- 
electric substrate and having a sufficient depth to 



provide a nozzle orifice that is adapted to squirt ink 
drops, and a portion having a depth appropriate for 
receiving an externally supplied ink; 
two covers (205, 206) that seal the opposite sur- 
5 faces of said substrate unit where the grooves are 
open; and 

a member (207, 208) for supplying ink into said 
grooves. 

io 7. An ink-jet recording head according to claim 6, 
wherein said first (201) and third (202) piezoelectric 
substrates have a thickness approximately one half 
the depth of the ink reservoir portion. 

is 8. An ink jet recording head according to claim 6 or 7, 
wherein the grooves formed in one surface of said 
second substrate are offset from the grooves in the 
other surface by one half of the pitch between adja- 
cent grooves. 

20 

9. An ink-jet recording head comprising: 

a substrate unit that is composed of a first ( 1 71 ) and 
a second (170) polarized piezoelectric substrate 
that are bonded together in such a way that the 

25 directions of polarization are opposite to each 
other, said substrate unit having a plurality of 
grooves (173) formed therein that are spaced by 
diaphragms at a predetermined pitch and elec- 
trodes that are formed in those grooves in an elec- 

30 tricaliy isolated manner, each of said grooves (1 37) 
extending from the surface of the first (171) piezoe- 
lectric substrate to a partial thickness of the second 
(170) piezoelectric substrate and having a sufficient 
depth to form an ink reservoir, said grooves being 

35 sealed at both ends; 

a top cover (180) that is fixed to the surface of said 
substrate unit where the grooves (180a) are open 
and that has grooves communicating with the 
grooves in said substrate unit to form nozzle orifices 

40 (181); and 

a member (182) for suplying ink into said grooves. 

10. An ink-jet recording head according to claim 9, 
wherein said first piezoelectric substrate (171) has 

45 a thickness approximately one half the depth of the 
ink reservoir portion. 

1 1 . An ink-jet recording head according to claim 9 or 10 
further comprising: 

so a third polarized piezoelectric substrate that is 
bonded to said substrate unit in such a way that the 
directions of polarization are opposite to each 
other, 

and wherein two covers are fixed to the opposite 
66 surfaces of said substrate unit where the grooves 
are open and that have grooves communicating 
with the grooves in said substrate unit to form noz- 
zle orifices; 
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12. An ink-jet recording head according to claim 11 
wherein said first and third piezoelectric substrates 
have a thickness approximately one half the depth 
of the ink reservoir portion. 

5 

13. An ink-jet recording head according to one of the 
preceding claims; wherein each of said electrodes 
is divided into at least two regions (84, 85; 94, 95) 
in the longitudinal direction of the grooves (81 ; 91). 

10 

14. An ink-jet recording head according to one of the 
preceding claims wherein each of said electrodes 
(112, 122, 123) is formed in such a way that it is thin 
in the region closer to the nozzle orifice side and 
thick in the region closer to the ink supply side. is 

15. An ink-jet recording head according to one of the 
preceding claims, wherein said grooves (111, 130) 
are formed to be shallow (130b) in the region closer 

to the ink supply side so that the diaphragms (133) 20 
in the region closer to the nozzle orifice side will 
have a smaller elastic modulus. 

16. Use of the ink-jet recording head according to any 

of the preceding claims in a printing apparatus. 25 

17. A printing apparatus comprising an ink-jet record- 
ing head according to one of claims 1 to 15, a head 
carriage (303) for mounting said ink-jet recording 
head, head carriage driving means (304, 307) for 30 
driving said head carriage in a scanning direction, 
and a platen (308) on which a recording paper 
(309) is disposed. 

PatentansprQche 35 

1 . Tintenstrahlaufzeichnungskopf mit: 

einer Mehrzahl piezoelektrischer Substrate (1 , 20, 
30, 80, 90), die in Richtung ihrer Dicke polarisiert 
sind und Rinnen (3, 4, 21, 31, 81, 91. 111) aufwei- 40 
sen, die durch Diaphragmen (5, 6, 22, 32, 82, 92, 
133) urn einen bestimmten Abstand beabstandet 
sind; und 

Elektroden (17, 18, 24, 34, 84, 85, 94. 95, 112, 122, 
123), die in diesen Rinnen in elektrisch isolierter as 
Weise ausgebildet sind, 

wobei jede der Rinnen (3, 4, 21, 31, 81, 91, 111) 
einen Bereich mit einer zur Ausbildung eines Tin- 
tenreservoirs ausreichenden Tiefe, einen Bereich. 
welcher mit einer Seite (1a. 80a, 90a) des Kbpfs in so 
Verbindung steht und eine ausreichende Tiefe zur 
Berertsteilung einer DOsenCffnung (50, 51) auf- 
weist welche auf das AusstoBen von Tintentropfen 
ausgerichtet ist, und einen Bereich mit einer zur 
Aufnahme extern zugefQhrter Tinte geeigneten ss 
Tiefe aufweist 

wobei die piezoelekbrischen Substrate (1, 20, 30, 
80, 90) so zur Bildung einer Einheitsanordnung 
aneinander befestigt sind, daB die Oberf Idchen der 



Substrate, an denen diese Rinnen (3, 21, 4, 31. 81, 
91) often sind. in Deckung sind, und daB die Potari- 
sationsrichtungen (E 1t E 2 , E 3 , E 4 , E5) in diesen 
Substraten entgegengesetzt sind, wobei der Auf- 
zeichnungskopf des werteren ein TintenzufGhrmittel 
(10) aufweist, welches auf der Seite bereitgestellt 
ist, welche der Seite, auf welcher die Offnung zur 
VerfOgung gestelK ist, entgegengesetzt ist. 

2. Tintenstrahlaufzeichnungskopf gemaB Anspruch 1 , 
wobei die Mehrzahl piezoelektrischer Substrate tol- 
gendes aufweist: 

ein mittleres Substrat (1). das auf beiden Oberfld- 

chen die Rinnen (3, 4) aufweist; 

zwei piezoelektrische Substrate (20, 30). von 

denen jedes auf einer Oberfiache Rinnen (21, 31) 

aufweist; 

wobei die beiden Substrate (20, 30) so zur Bildung 
einer Einheitsanordnung an dem mittJeren Substrat 
(1) befestigt sind, daB die Oberf lachen der Sub- 
strate, an denen die Rinnen offen sind, mit den 
Oberf l&chen des mittleren Substrate, an denen die 
Rinnen offen sind, ausgerichtet sind, und daB die 
Polarisationsrichtungen (E 2 , E 3 ) in den beiden Sub- 
straten (20, 30) der Polarisationsrichtung (E^ in 
dem mittleren Substrat (1) entgegengesetzt sind. 

3. Tintenstrahlaufzeichnungskopf gemaB Anspruch 2, 
bei dem die in einer Oberfiache des mittleren Sub- 
strats (1) ausgebildeten Rinnen (3) von den in der 
anderen Oberfiache ausgebildeten Rinnen (4) urn 
einen hafben Abstand zwischen benachbarten Rin- 
nen versetzt sind. 

4. Tintenstrahlaufzeichnungskopf mit: 

einer Substrateinheit (142). die sich aus einem 
ersten und einem zweiten polarisierten piezoelek- 
trischer! Substrat (140, 141) zusammensetzt, die so 
miteinander verbunden sind, daB die Polarisations- 
richtungen entgegengesetzt sind. wobei die Sub- 
strateinheit eine Mehrzahl darin ausgebildeter 
Rinnen (143), welche durch Diaphragmen (146) um 
einen bestimmten Abstand beabstandet sind, und 
Elektroden (147). die in diesen Rinnen (143) in 
elektrisch isolierter Weise ausgebildet sind, auf- 
weist, wobei jede der Rinnen (143) einen Bereich 
(143b), welcher sich von der Oberf lache des ersten 
piezoelektrischen Substrats (141) zur teilweisen 
Dicke des zweiten piezoelektrischen Substrats 
(140) erstreckt und eine zur Ausbildung eines Tin- 
tenreservoirs ausreichende Tiefe aufweist. einen 
Bereich (143a), welcher mit einer Seite des ersten 
piezoelektrischen Substrats (141) in Verbindung 
steht und eine ausreichende Tiefe zur Berertstei- 
lung einer DQsenOffnung aufweist welche auf das 
AusstoBen von Tintentropfen ausgerichtet ist, und 
einen Bereich (1 43c) mit einer zur Aufnahme extern 
zugefQhrter Tinte geeigneten Tiefe aufweist; 
einer oberen Abdeckung (150), die die Oberf lache 
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der Substrateinheit, an der die Rinnen often sind, 
verschlieBt; und 

einem Element (151) zur Zufuhr von Tinte in die 
Rinnen. 

6 

5. Tintenstrahlaufzeichnungskopf gemaB Anspruch 4, 
bei dem das erste piezoelektrische Substrat (141) 
eine Dicke von ungefahr der Haifte der Tiefe des 
Tintenreservoirbereichs aufweist. 

10 

6. Tintenstrahlaufzeichnungskopf mit: 

einer Substrateinheit, die sich aus einem ersten 
(201), einem zweiten (200) und einem dritten (202) 
polarisierten piezoelektrischen Substrat zusam- 
mensetzt, die so miteinander verbunden sind, daB is 
die Polarisationsrichtungen entgegengesetzt sind, 
wobei die Substrateinheit eine Mehrzahl darin aus- 
gebildeter Rinnen (203, 204), welche durch Dia- 
phragmen urn einen bestimmten Abstand 
beabstandet sind, und Eiektroden, die in diesen 20 
Rinnen in elektrisch isolierter Weise ausgebildet 
sind, aufweist, wobei jede der Rinnen einen 
Bereich, welcher sich von der Oberfiache des 
auBeren ersten (201) und dritten (202) piezoelektri- 
schen Substrats zur teilweisen Dicke des zentra! 25 
befestigten zweiten piezoelektrischen Substrats 
(200) erstreckt und eine zur Ausbildung eines Tin- 
tenreservoirs ausreichende Tiefe aufweist, einen 
Bereich, welcher mit einer Seite des ersten piezo- 
elektrischen Substrats in Verbindung steht und eine 30 
ausreichende Tiefe zur Bereitstellung einer DQsen- 
Gffnung aufweist, welche auf das AusstoSen von 
Tintentropfen ausgerichtet ist, und einen Bereich 
mit einer zur Aufnahme extern zugefuhrter Tinte 
geeigneten Tiefe aufweist; 35 
zwei Abdeckungen (205, 206), die die gegenuber- 
liegenden Oberfiachen der Substrateinheit, an 
denen die Rinnen often sind, verschlieBen; und 
einem Element (207, 208) zur Zufuhr von Tinte in 
die Rinnen. 40 

7. Tintenstrahlaufzeichnungskopf gemaB Anspruch 6, 
bei dem das erste (201) und das dritte (202) piezo- 
elektrische Substrat eine Dicke von ungefahr der 
Hdlfte der Tiefe des Tintenreservoirbereichs auf- 45 
weisen. 

8. Tintenstrahlaufzeichnungskopf gem&B Anspruch 6 
Oder 7, bei dem die in einer Oberf lache des zweiten 
Substrats ausgebildet en Rinnen von den Rinnen in so 
der anderen Oberf lache urn einen halben Abstand 
zwischen benachbarten Rinnen versetzt sind. 

9. Tintenstrahlaufzeichnungskopf mit: 

einer Substrateinheit, die 6ich aus einem ersten bs 
(171) und einem zweiten (170) polarisierten piezo- 
elektrischen Substrat zusammensetzt, die so mit- 
einander verbunden sind, daB die 
Polarisationsrichtungen entgegengesetzt sind, 



wobei die Substrateinheit eine Mehrzahl darin aus- 
gebildeter Rinnen (173), welche durch Diaphrag- 
men urn einen bestimmten Abstand beabstandet 
sind, und Eiektroden, die in diesen Rinnen in elek- 
trisch isolierter Weise ausgebildet sind, aufweist, 
wobei sich jede der Rinnen (137) von der Oberf la- 
che des ersten (171) piezoelektrischen Substrats 
zur teilweisen Dicke des zweiten (170) piezoelektri- 
schen Substrats erstreckt und eine zur Ausbildung 
eines Tintenreservoirs ausreichende Tiefe auf- 
weist, wobei die Rinnen an beiden Enden ver- 
schlossen sind; 

einer oberen Abdeckung (180), die an der Oberfia- 
che der Substrateinheit, an der die Rinnen (180a) 
often sind, befestigt ist, und die mit den Rinnen in 
der Substrateinheit verbundene Rinnen aufweist, 
urn DQsendffnungen (181) zu bilden; und 
einem Element (182) zur Zufuhr von Tinte in die 
Rinnen. 

10. Tintenstrahlaufzeichnungskopf gemaB Anspruch 9, 
bei dem das erste piezoelektrische Substrat (171) 
eine Dicke von ungefahr der Haifte der Tiefe des 
Tintenreservoirbereichs aufweist. 

11. Tintenstrahlaufzeichnungskopf gemaB Anspruch 9 
Oder 10, der des weiteren folgendes aufweist: 

ein drittes polarisiertes piezoelektrisches Substrat, 
das so mit der Substrateinheit verbunden ist, daB 
die Polarisationsrichtungen entgegengesetzt sind, 
und wobei zwei Abdeckungen an den gegenOber- 
liegenden Oberfiachen der Substrateinheit, an 
denen die Rinnen often sind, befestigt sind, und 
Rinnen in Verbindung mit den Rinnen in der Sub- 
strateinheit aufweisen, urn DusenOffnungen zu bil- 
den; 

12. Tintenstrahlaufzeichnungskopf gemaB Anspruch 
11, bei dem das erste und das dritte piezoelektri- 
sche Substrat eine Dicke von ungefahr der Haifte 
der Tiefe des Tintenreservoirbereichs aufweisen. 

13. Tintenstrahlaufzeichnungskopf gemaB einem der 
vorhergehenden AnsprQche, bei dem jede der 
Eiektroden in Ldngsrichtung der Rinnen (81 ; 91) in 
mindestens zwei Bereiche (84, 85; 94, 95) geteilt 
ist 

14. Tintenstrahlaufzeichnungskopf gemaB einem der 
vorhergehenden AnsprQche, bei dem jede der 
Eiektroden (112, 122, 123) so ausgebildet ist. daB 
sie in dem Bereich, welcher naher an der DQsendff- 
nungsseite liegt, dOnn ist, und in dem Bereich, wel- 
cher naher an der Tintenzufuhrsefte liegt, dick ist. 

15. Tintenstrahlaufzeichnungskopf gemaB einem der 
vorhergehenden AnsprQche, bei dem die Rinnen 
(111, 130) so ausgebildet sind, daB sie in dem 
Bereich, welcher naher an der Tintenzufuhrseite 
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liegt, flach (130b) sind, so daft die Diaphragmen 
(133) in dem Bereich, watcher n&her an der Dusen- 
Offnungsseite liegt, einen Weineren Elastizrtatsmo- 
dul aufweisen. 

s 

16. Verwendung des Tintenstrahlaufzeichnungskopfs 
gemdft einem der vorhergehenden AnsprQche in 
einer Druckvorrichtung. 

17. Druckvorrichtung mit einem Tintenstrahlaufzeich- w 
nungskopf gemdB einem der AnsprQche 1 bis 15, 
einem Kopfechlrtten (303) zum Anbringen des Tin- 
tenstrahlaufzeichnungskopfs, Kopfschlrttenan- 
triebsmrtteln (304, 307) zum Arrtrieb des 
Kopfschlrttens in einer Abtastrichtung und einer is 
Watze (308), auf welcher sich ein Aufzeichnungs- 
papier (309) befindet. 

Revendications 

20 

1 . T§te d'enregistrement k jet d'encre comprenant : 

une plurality de substrats pi6zo6lectriques 
(1 , 20, 30, 80, 90) qui sort polarises dans la direc- 
tion de leur gpaisseur et qui comportent des canne- 
lures (3. 4, 21 , 31 , 81 . 91 , 111) espac£es par des 25 
membranes (5, 6, 22, 32, 82, 92, 133) k un pas pr£- 
d£termin6 ; et, 

des 6lectrodes (17, 18, 24, 34, 84, 85, 94, 
95, 112, 122, 123) qui sont forntees dans ces can- 
nelures en §tant isotees 6lectriquement, 30 

chacune desdites cannelures (3, 4, 21, 31, 
81, 91. 111) comprenant une partie ayarrt une pro- 
fondeur suffisante pour constituer un reservoir 
d'encre, une partie communiquarrt avec un cdt6 
(1a, 80a, 90a) de la tete et ayant une profondeur 35 
suffisante pour fournir un orifice d'ajutage (50, 51) 
qui est adapts pour faire jaillir des gouttes d'encre. 
et une partie ayant une profondeur appropri6e pour 
recevoir une enae fournie par I'exterieur, 

lesdits substrats pi6zo6lectriques (1 , 20, 30, 40 
80, 90) 6tarrt f ix§s ensemble en un ensemble uni- 
taire de mani&e telle que les surfaces des subs- 
trats ou ces cannelures (3. 21, 4, 31, 81, 91) sont 
ouvertes sont en coincidence et que les directions 
de polarisation (E v E 2 , E 3 , E 4 , E 5 ) sont opposes 45 
entre elles dans ces substrats, ladite tete d'enregis- 
trement incluant en outre des moyens de fourniture 
d'encre (10) qui sont prdvus du cGte opposG au 
cdte ou doit dtre pr6vu ledrt orifice. 

50 

2. Tdte d'enregistrement k jet d'encre 6elon la reven- 
dication 1, dans laquelle ladite plurality des subs- 
trats pi6zo6lectriques comprend : 

un substrat central (1) qui comporte lesdites 
cannelures (3, 4) sur les deux surfaces ; ss 

deux substrats pi6zo6lectriques (20. 30) 
dont chacun comporte des cannelures (21,31) sur 
une surface ; 

lesdits deux substrats (20, 30) 6tant fix6s 



audit substrat central (1) pour constituer un ensem- 
ble unrtaire de manure telle que les surfaces de ces 
substrats ou les cannelures sont ouvertes sont ali- 
gn6es avec les surfaces du substrat central ou les 
cannelures sont ouvertes et que les directions (E 2 , 
E3) de polarisation dans lesdits deux substrats (20, 
30) sont oppos6es k la direction de polarisation 
(Ej) dans le substrat central (1). 

3. T£te d'enregistrement k jet d'encre selon la reven- 
dcation 2, dans laquelle les cannelures (3) forntees 
dans une surface dudit substrat central (1) sont 
ctecatees des cannelures (4) dans I'autre surface 
cfune moitte du pas entre les cannelures adjacen- 
tes. 

4. T§te d'enregistrement k jet d'encre comprenant : 

une unite de substrats (142) qui est compo- 
se d'un premier et d'un second substrat ptezo6lec- 
trique polarise (140, 141) qui sont Ites ensemble de 
mani&re telle que les directions de polarisation sont 
oppos6es entre elles. ladite unite de substrats com- 
portant une plurality de cannelures (143) forntees k 
I'interieur de celle-ci qui sont espac6es par des 
membranes (146) k un pas pr6d6termin6 et des 
Electrodes (147) qui sont forntees dans ces canne- 
lures (143) en 6tant isotees 6lectriquement, cha- 
cune desdites cannelures (143) comprenant une 
partie (143b) qui s'6tend de la surface du premier 
substrat ptezo6lectrique (141) jusqu'& une 6pais- 
seur partielle du second substrat ptezo6lectrique 
(140) et qui a une profondeur suffisante pour cons- 
tituer un reservoir d'encre, une partie (143a) com- 
muniquant avec un cdte du premier substrat 
ptezo6lectrique (141) et ayant une profondeur suffi- 
sante pour fournir un orifice d'ajutage qui est 
adapts pour faire jaillir des gouttes d'encre, et une 
partie (143c) ayant une profondeur approprtee pour 
recevoir une encre fournie par Pexterieur ; 

un couvercle sup6rieur (150) qui ferme la 
surface de ladite unite de substrats ou les cannelu- 
res sont ouvertes ; et, 

un organe (151) pour fournir de I'encre dans 
lesdites cannelures. 

5. T§te d'enregistrement a jet d'encre selon la reven- 
dication 4, dans laquelle (edit premier substrat pte- 
zo&ectrtque (141) a une 6paisseur 
approximativement 6gale k la moitte de la profon- 
deur de la partie de reservoir d'encre. 

6. Tftte d'enregistrement k jet d'encre comprenant : 

une unite de substrats qui est compos£e 
cfun premier (201), d'un deuxidme (200) et d'un 
troisteme (202) substrat ptezxtelectrique polarise 
qui sont Ii6s ensemble de mantere telle que les 
directions de polarisation sont oppos6es entre 
elles, ladite unite de substrats comportant une plu- 
rality de cannelures (203, 204) forntees k I'interieur 
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de celle-ci qui sont espacEes par des membranes k 
un pas prEdEterminE et des Electrodes qui sont for- 
mEes dans ces cannelures en Etant isolEes Eiectri- 
quement, chacune desdites cannelures 
comprenant une partie qui s'Etend de la surface 
des premier (201) et troisiEme (202) substrats piE- 
zoElectriques extErieurs jusqu'E une Epaisseur par- 
tielle du deuxiEme substrat piEzoElectrique (200) 
f ixE au centre qui a une profondeur suffisante pour 
constituer un rEservoir d'encre, une partie commu- 
niquant avec un cGtE du premier substrat piEzoElec- 
trique et ayant une profondeur suffisante pour 
fournir un orifice d'ajutage qui est adaptE pour faire 
jaillir des gouttes d'encre, et une partie ayant une 
profondeur appropriEe pour recevoir une encre 
fournie par I'extErieur ; 

deux couvercles (205, 206) qui ferment la 
surface opposEe de ladite unite de substrats ou les 
cannelures sont couvertes ; et, 

un organe (207, 208) pour fournir de I'encre 
dans les cannelures 

7. TEte d'enregistrement k jet d'encre selon la reven- 
dication 6, dans laquelle lesdits premier (201) et 
troisiEme (202) substrats piEzoElectriques ont une 
Epaisseur approximativement Egale k la mortis de 
la profondeur de la partie de rEservoir d'encre. 

8. TEte d'enregistrement k jet d'encre selon la reven- 
dication 6 ou 7, dans laquelle les cannelures for- 
nixes dans une surface dudit deuxiEme substrat 
sont dEcalEes des cannelures dans I'autre surface 
d une moitiE du pas entre les cannelures adjacen- 
tes. 

9. TEte d'enregistrement k jet d'encre comprenant : 

une unite de substrats qui est composEe 
d'un premier (171) et d'un second (170) substrat 
piEzoElectrique polarise qui sont liEs ensemble de 
maniEre telle que les directions de polarisation sont 
opposEes entre eltes, ladite unite de substrats com- 
portant une plurality de cannelures (1 73) formEes k 
I'intErieur de celle-ci qui sont espacEes par des 
membranes k un pas prEdEterminE et des Electro- 
des qui sont formEes dans ces cannelures en Etant 
isolEes Electriquement, chacune desdites cannelu- 
res (1 73) s'Etendant de la surface du premier subs- 
trat piEzoElectrique (171) jusqu'E une Epaisseur 
partielle du second substrat piEzoElectrique (170) 
et ayant une profondeur suffisante pour constituer 
un reservoir d'encre, lesdites cannelures Etant fer- 
mEes aux deux extrEmitEs ; 

un couvercle sup6rieur (180) qui est fixE k la 
surface de ladite unite de substrats ou les cannelu- 
res (180a) sont ouvertes et qui comporte des can- 
nelures communiquant avec les cannelures dans 
ladite unite de substrats pour constituer des orifices 
d'ajutage (181) ; et, 



un organe (182) pour fournir de I'encre dans 
lesdites cannelures. 

10. TEte d'enregistrement k jet d'encre selon la reven- 
s dication 9, dans laquelle ledit premier substrat piE- 
zoElectrique (171) a une Epaisseur 
approximativement Egale k la moitiE de la profon- 
deur de la partie de reservoir d'encre. 

10 ii. TEte d'enregistrement k jet d'encre selon la reven- 
dication 9 ou 10, comprenant en outre ; 

un troisiEme substrat piEzoElectrique pola- 
risE qui est liE k ladite unite de substrats de maniEre 
telle que les directions de polarisation sont oppo- 

is sEes entre elles, 

et dans laquelle deux couvercles sont fixEs 
aux surfaces opposEes de ladite unite de substrats 
ou les cannelures sont ouvertes et qui comportent 
des cannelures communiquant avec les cannelures 

20 dans ladite unite de substrats pour constituer des 
orifices d'ajutage. 

12. TEte d'enregistrement k jet d'encre selon la reven- 
dication 11, dans laquelle lesdits premier et trai- 
ls siEme substrats piEzoElectriques ont une Epaisseur 

approximativement Egale k la moitiE de la profon- 
deur de la partie de reservoir d'encre. 

13. TEte d'enregistrement k jet d'encre selon I'une 
30 quelconque des revendications prEcEdentes, dans 

laquelle chacune desdites Electrodes estdivisEe en 
au moins deux rEgions (84, 85 ; 94, 95) dans la 
direction longitudinale des cannelures (81 ; 91). 

35 14. TEte d'enregistrement k jet d'encre selon I'une 
quelconque des revendications prEcEdentes, dans 
laquelle chacune desdites Electrodes (112, 122, 
123) est formEe de maniEre telle qu'elle est mince 
dans la rEgion la plus proche du cdtE de I'orifice 

40 d'ajutage et Epaisse dans la rEgion la plus proche 
du cdte de fourniture d'encre. 

15. TEte d'enregistrement k jet d'encre selon I'une 
quelconque des revendications prEcEdentes, dans 

45 laquelle lesdites cannelures (111, 130) sont for- 
mEes pour qu' elles soierrt peu profondes (130b) 
dans la rEgion la plus proche du c6te de fourniture 
d'encre afin que les membranes (133) dans la 
rEgion la plus proche du cfltE de I'orifice d'ajutage 

so aient un plus petit coefficient d'ElasticitE. 

16. Utilisation de la tEte d'enregistrement k jet d'encre 
selon Tune quelconque des revendications prEcE- 
dentes dans une imprimante. 

55 

17. Imprimante comprenant une tEte d'enregistrement 
k jet d'encre selon Tune quelconque des revendica- 
tions 1 k 15, un chariot de tEte (303) pour monter 
ladite tEte d'enregistrement k jet d'encre, des 
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moyens d'entraTnement de chariot de t$te (304, 
307) pour entratner ledrt chariot de ttte dans une 
direction de balayage, et une platine (308) sur 
laquelle est dispose du papier d'enregistrement 
(309). 
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FIG. 12A 
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